An open reading frame (ORF) is genomic sequence that can be translated into amino acids, and does not contain any stop codon. Previously, YeATSAM analyzed ORFs from the RNA-seq derived transcriptome of walnut, and revealed several genes that were not annotated by widely-used methods. Here, a similar ORF-based method is applied to the chloroplast genome from walnut (Accid:KT963008). This revealed, in addition to the ∼84 protein coding genes, ∼100 additional putative protein coding genes with homology to RefSeq proteins. Some of these genes have corresponding transcripts in the previously derived transcriptome from twenty different tissues, establishing these as bona fide genes.
Introduction
Common walnut (Juglans regia L.) derives its economic importance for its wood and the high nutritional value of the nuts [1] . The walnut genome sequence was recently obtained from the cultivar Chandler [2] . Also, the complete chloroplast sequence (GenBank: KT963008) was annotated with CpGAVAS [3] , revealing 86 protein-coding genes [4] .
Previously, the YeATS [5] suite was developed to address assembly artifacts in RNA-seq derived transcriptomes [6] , and was applied to identify metagenomes [7, 8] . The possibility of mis-annotation of genes (transcript from heat shock protein of the fungi Cladosporium cladosporioides has been erroneously annotated as a saffron gene) was demonstrated, emphasizing the need to remove contamination from transcriptomes as an important first step [8] . YeATS was extended (YeATSAM) to demonstrate several important omissions by other tools [9] . Finally, it was proposed that the merged transcripts might bias expression counts [10] .
Here, the walnut chloroplast sequence is analyzed to identify additional protein coding genes that are not annotated. In addition to finding ∼100 putative genes, some of them occuring in the transcriptome obtained earlier [2] , a major finding in this study was the identification of the mis-annotation of the rsp12 gene in several organisms. rsp12 is a trans-spliced gene having three exons -exon1 is located ∼28kbp from exon2 and exon3 [11, 12] . The mis-annotation is a direct result of the complexity faced by de novo annotation methods in detecting such genes.
Methods
The 'getorf' program from the EMBOSS suite [13] was used to obtain the ORFs. As described previously, a BLAST database of protein peptides using ∼30 organisms from the Ensembl genome [14] was created [9, 10] . This is done to reduce computational times. All ORFs > 60 aa were BLAST'ed to this database [15] . Final verification is done on the 'nr' database choosing RefSeq proteins. The transcriptome from twenty different tissues is at http://dendrome.ucdavis.edu/ftp/Genome Data/genome/Reju/transcriptome/Trinity Assembly [2, 5, 7] . Multiple sequence alignment was done using MAFFT (v7.123b) [16] , and figures generated using the ENDscript 2.0 server [17] . PHYML (v3.0) was used to generate phylogenetic trees from alignments [18] . All protein structures were rendered by PyMOL(TM) Molecular Graphics System, Version 1.7.0.0. (http://www.pymol.org/). Results reported here are obtained using a simple workstation in a few hours.
Results
The walnut chloroplast sequence analysis revealed ∼10000 ORFs (FILE:genome.chloroplast.orf.fa), with 530 ORFs having > 60 aa (ORF were BLAST'ed [15] to NCBI JRegia 56036 , and revealed 84 (and not 86) protein coding genes (FILE:annotated.ncbi.txt). The two missing genes might be due to the 60 aa cutoff applied here.
Next, ORF
Chloroplast 530 were BLAST'ed to the local BLAST database from ∼ 30 organisms (see Methods), and revealed 118 protein coding fragments (FILE:not.annotated.local.ncbi.txt), which have not been annotated. These 118 ORFs were then BLAST'ed to the RefSeq proteins in the 'nr' database, resulting in a total of 99 entries (FILE:not.annotated.ncbi.txt). An example is ORF KT963008.1 2812 (125 aa) homologous to the RefSeq protein (Pharus latifolius, Accid:YP 008080537.1, Evalue=1E-67) (Fig 1a) . This ORF is 100% identical to transcript C43892 G2 I1 identified in previous work [2] , and is thus a bona fide gene (Table 3) . Some of these ORFs are fragments, and might need manual curation before annotation. For example, three ORFs (KT963008.1 4166, KT963008.1 4182 and KT963008.1 4200) can be merged to create a protein homologous to the RefSeq gene from Medicago truncatula (Accid:XP 013455718.1, Evalue=4E-45) (Fig 1b) . This gene is "encoded by transcript MTR 4g451295", and is a bona fide gene at least in M. truncatula. Another strategy to exclude pseudo-genes compared the predicted genes to the transcriptome derived from twenty different tissues [2] , confirming the presence of at least five real genes (Table 4 ).
An important finding in the current study is the mis-annotation of the ribosomal rps12 gene in several organisms (Table 1, Fig 2) . The rps12 gene has three exons -exon2 and exon3 are proximal, while exon1 (38 aa) is distant, and the complete protein is assembled through trans-splicing [11] (Table 2) . A pentatricopeptide repeat protein facilitates the trans-splicing of rps12 [19] (Fig 3) . It is not surprising that automated annotation tools will pick up the closest ORF with a start codon prior to exon2 to complete a theoretically possible protein sequence.
Discussion
ORF based annotation is trivially simple. Yet, as the current manuscript shows, several protein coding genes remain un-annotated in the walnut chloroplast. Comparison to transcriptomes enables further corroboration of non-pseudo genes. On the other hand, de novo identification of trans-spliced genes through automated methods is almost impossible. Mis-annotation of the rps12 gene by automated methods need to be purged before they become mainstream. Also, a database of trans-spliced genes would greatly facilitate their proper annotation. Future work in the YeATS suite will address the automated stitching of spliced genes, identified through fragmented ORFs.
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